This cross-sectional study investigated the associations of business type with the prevalence of metabolic syndrome (MetS) and lifestyle characteristics among workers in small-and medium-sized enterprises. In total, data from 167,736 workers (114,746 men and 52,990 women) who participated in health checkups in 2013 were analyzed using multilevel logistic regression models. The odds ratios (ORs) of having MetS, defined based on the criteria of the joint interim statement, were significantly higher in employees of transportation businesses (reference OR =1) than in other business types among men (OR: 0.67-0.85) and similar result was observed among women (OR: 0.70-0.88). The prevalence of a smoking habit was significantly higher in transportation workers than in employees of other businesses for both men and women. Furthermore, male transportation workers were more likely to skip breakfast, engage in <1 h/day of walking, walk at a slower speed, and eat dinner just before going to bed. Female transportation workers were more likely to have gained 10 kg since the age of 20 years. In conclusion, the prevalence of MetS was higher in transportation workers than in workers from other businesses; the associated risk factors may also vary by sex. To effectively promote public health, the labor environment, such as the business type, should be considered.
Introduction
To reduce cardiovascular disease, healthcare professionals have focused on control of low-density lipoprotein cholesterol (LDL-C). However, because cardiovascular disease can still develop even with control of LDL-C, and because it was revealed that multiple risk factors are involved (mainly insulin resistance and abdominal obesity), 1 metabolic syndrome (MetS) has been identified as a residual risk factor for cardiovascular disease, 2 which is a major public health issue worldwide. [3] [4] [5] Risk factors for MetS include lifestyle habits, such as alcohol intake, dietary intake, and a lack of regular exercise. [6] [7] [8] Regarding physical activity in Japan, only a minority of men (20.3%) and women (13.4%) in their 40s exercise regularly. 9 In Japan, 25.6% of men and 14.9% of women in their 40s skip breakfast. 9 Therefore, middleaged workers, in particular, need support to improve their lifestyle habits to prevent MetS and other lifestyle-related diseases.
It is especially difficult to reach workers in small-and medium-sized enterprises (SMEs). This is important, because health risks are reportedly significantly more prevalent in employees of SMEs (<300 employees) than in those employed by large-scale enterprises (≥1,000 employees). 10, 11 Furthermore, because of the diversity in working hours, type of employment, and workplaces, addressing health education and habits in the labor environment of these workers is warranted to improve health behavior. Such ecological models are an effective way to promote health behavior. 12 To approach workers in the SME environment, business type is one factor to be considered. However, considering the labor environment, only a few studies have reported the association between health outcome and business type, 10, 13, 14 albeit with inconsistent results. Of these, one study showed that the prevalence of MetS was significantly higher in men employed in construction; 14 however the company size in that study was not clear.
Therefore, to better understand the relationship between the business type and MetS risk factors in SMEs, this study aimed to analyze the prevalence of MetS and related lifestyle characteristics among workers in SMEs (<300 workers) according to the business type.
Materials and Methods

Study participants
According to the Statistics Bureau, Ministry of Internal Affairs and Communications, 99.4% of all enterprises in Japan are small or medium in size. 15 In 2013, health checkups for 240,022 workers aged 35-74 years were conducted in a prefecture in Japan by a health insurance association that provides insurance for laborers and SMEs (<10 employees, 39 [4.4%] ). In the current study, we defined SMEs as companies with <300 employees, in accordance with previous studies. 10, 11 We determined the number of workers in each enterprise by using the number of workers insured for each company, which was calculated in March 2013.
Workers who participated in health checkups and who worked at companies with 300 employees (n =45,053) or more or whose company size was unclear (n =10,275) were excluded. Workers who participated in health checkups and whose age and sex were unclear (n =144), whose data regarding MetS diagnostic criteria were unavailable (n =16,356), or who did not have company data (n =458) were also excluded. Thus, the final analytic sample consisted of 167,736 workers (Fig. 1) . The participation rate in checkups in 2013 was 43.1%. Dependents of workers were not included in the current study.
During their checkups, the participants answered a self-administered questionnaire that covered their smoking, alcohol consumption, physical activity, dietary, and sleep habits. Trained staff then measured the height, weight, waist circumference, and blood pressure of each participant and collected blood samples.
Measurements
Body weight (kg) and height (cm) were measured using a digital scale and stadiometer, respectively, with the participant barefoot. The body mass index (BMI) was calculated as body weight (kg) divided by the square of body height (m). The waist circumference was measured at the level of the navel and during the late expiratory phase with the participant in the standing position. Blood pressure was measured twice using an automated sphygmomanometer with the participant in the seated position, and the mean value for each participant was recorded. Triglycerides, high-density lipoprotein cholesterol (HDL-C), and fasting glucose levels were measured using the blood samples. The fasting condition was confirmed by inquiry (>10 h without a meal). If the participant could not confirm fasting, the HbA1c level was also measured. MetS was diagnosed based on the presence of three of the following five risk criteria from the joint statement by the International Diabetes Federation; the American Heart Association; National Heart, Lung, and Blood Institute; World Heart Federation; International Atherosclerosis Society; and International Association for the Study of Obesity 16 : (1) waist circumference ≥90 cm in men and ≥80 cm in women (based on Asian populations); (2) hypertension: systolic blood pressure ≥130 mmHg, diastolic blood pressure ≥85 mmHg, or treatment with antihypertensive drugs; (3) high fasting glucose ≥100 mg/ dL or treatment with antihyperglycemic drugs (if the participant was not fasting, HbA1c (NGSP) >5.6% was used instead 17 ); (4) hypertriglyceridemia ≥150 mg/dL or treatment with antihypertriglyceridemic drugs; and (5) low HDL-C <40 mg/dL in men and <50 mg/dL in women or treatment with drugs to raise HDL-C level.
Appendix 1 displays the self-administered questionnaire. We included 12 questions related to lifestyle habits in this study. The following responses were classified as high risk: weight gain, "yes" to "Have you gained ≥10 kg since you were 20 years old?"; dietary habits, "yes" to "Do you have an evening meal within 2 h before bedtime 3 days or more per week?" "Do you eat after the evening meal (have a fourth meal) 3 days or more per week?" and "Do you skip breakfast 3 days or more per week?"; speed of eating, "faster" to "How fast do you eat compared to others?"; and physical activity and sleeping habits, "no" to "Have you been exercising at least 2 days per week, at least 30 minutes each at an intensity that causes a slight sweat, for at least 1 year?" (no to low-intensity exercise), "Do you walk for at least 1 h every day or have equivalent physical activities in your daily life?" (engage in <1 h/day of walking), "Do you walk faster than people of your age and sex?" (walk at a slower speed), and "Do you feel refreshed after a night's sleep?" (not feel refreshed after a night's sleep). For the questions regarding drinking habits, drinking "every day" or "sometimes" and ≥1 serving were classified as high risk (there is a possibility of consuming >40 g/day of pure alcohol in men and >20 g/day in women). 10, 18 
Statistical analysis
For the analysis, the participants were classified by age group (35-40, 41-50, 51-60, 61-70, and 71-74 years) and by business type. According to the Economic Census for Business Frame, 19 there are 42 industrial classifications in 18 categories, which are further classified into eight similar business types: (1) transportation, (2) construction, (3) manufacturing, (4) information and communication, (5) wholesale trade, (6) services, (7) healthcare, and (8) others. Company size was classified into five groups (<10, 10-29, 30-49, 50-99, and 100-299 employees) by referring to the Economic Census for Business Frame. 19 The proportion of participants with health risks and differences in company size by business type were assessed using chi-squared tests. Multilevel mixed-effects logistic regression (the GENLINMIXED module: GLMM), which accounts for multilevel measurements per participant and the nesting of participants within companies, was used to examine associations of MetS (0=no MetS, 1=presence of MetS) and other participant characteristics (current smoking: 0=current non-smoker, 1=smoker; other lifestyle characteristics: 0=no, 1=yes) with business type (with transportation as the reference). The odds ratios (ORs) and 95% confidence intervals (CIs) were calculated for each factor. The models were adjusted for age and company size. In addition, we confirmed each variable with a 95% CI by inversing the reference of raw data. To confirm the association between MetS and lifestyle habits, we conducted multilevel logistic regression by adding each lifestyle habit that was significantly related to business type. All analyses were conducted using the Statistical Package for Social Sciences (SPSS) Statistics, version 23 (IBM Japan).
Ethical Issues
Comprehensive agreement to participate in the study was included in the Medical Consultation Form, in which participants were informed that the data from the health checkups might be used for anonymous statistical analysis. This study was approved by the Ethics Committee of the Graduate School of Health Management, Keio University, Kanagawa, Japan (No. 2015-06). Tables 1 and 2 display the participant characteristics and lifestyle habits, respectively. The mean ± standard deviation (SD) age of the participants was 49.5 ± 9.9 years in men and 49.7 ± 9.1 years in women; 16.6% of men and 14.9% of women had MetS, and 44.9% of men and 20.3% of women had a smoking habit. Table 3 displays the company characteristics. Construction made up the largest number of companies (16.2%), whereas information and communication made up the smallest (3.3%). The most common company size was 1-9 employees (62.2%), whereas the least common company size was 100−299 employees (2.6%). Of the different business types, transportation employees showed the highest prevalence of MetS (men, 21.8%; women, 18.2%), smoking habit (men, 55.3%; women, 29.4%). Transportation also had the highest, or high, values for many other high-risk factors (Table 4).
Results
Because the percentages of participants with MetS were the highest for the transportation business type for both men and women, we conducted multilevel mixed-effects logistic regression using transportation as the reference business type; the results are shown in Fig. 2 . The odds ratios (ORs) for having MetS, defined based on criteria of the joint interim statement, were significantly higher in workers of the transportation business (reference OR =1) than in other business types among men (OR: 0.67-0.85) and similar result was observed among women (OR: 0.70-0.88). For both men and women, the prevalence of a smoking habit was significantly higher in transportation workers than in employees of other businesses. Table 5 outlines the lifestyle habits among the different groups of workers. For both men and women, a smoking habit was significantly more prevalent in transportation employees than in employees of other businesses. Furthermore, among men, the ORs for "engage in <1 h/day of walking," "walk at a slower speed," "meal before bedtime," and "skipping breakfast" were significantly higher among transportation workers than among employees of other business types. Among women, the OR for "weight gained since age 20 years" was significantly higher in transportation than in other business types. Table 6 shows the results of GLMM by adding each lifestyle habit that was significantly related to business type. All lifestyle habits, except smoking in men and skipping breakfast in women, were significantly related to MetS.
Because participants aged 70-74 years accounted for a very small proportion of the workers, an additional analysis was carried out excluding this group (data not shown). The results were the same except for "meal before bedtime": one business type was not significant for this factor, but similar relations were observed overall.
Discussion
This cross-sectional study analyzed the associations between business type, the prevalence of MetS, and related lifestyle factors among employees of SMEs. We found that, for both men and women, MetS and related health risk behaviors were significantly more common in transportation workers. This result is consistent with a previous study that found that the prevalences of MetS and hypertension in bus drivers was 49.9% and 53.3% which was higher than 23.8% and 19.7% in the crafts and machine operators' group, respectively. 20 The prevalence of MetS in the current study was similar to that in the 2014 Japan Epidemiology Collaboration on Occupational Health (J-ECOH) Study (23.3% for men and 12.7% for women). The J-ECOH Study is a large enterprise-based study that included participants aged 20-69 years and which used the same criteria for MetS as our study did. 21 Furthermore, the current study revealed that male transportation workers were significantly more likely to skip breakfast, engage in <1 h/day of walking, walk at a slower speed, and have dinner just before going to bed than those in other business categories. Female transportation workers were significantly more likely to have gained 10 kg since the age of 20 years. Japanese guidelines recommend 1 h per day of physical activity at an intensity level of at least 3 metabolic equivalents for 18-64 years, 22 and gait speed is known to be associated with survival in older adults. 23 Considering dietary habits and weight gain, both skipping breakfast 24, 25 and weight gain from age 20 years 26, 27 are associated with the development of MetS. Moreover, according to the Survey on Industrial Accidents, transportation workers have the highest number of insurance claims for cerebral and cardiac diseases (26%). 28 Consequently, it might be effective to promote improvement in these unhealthy lifestyle habits among transportation workers to prevent MetS; such measures could also help prevent cardiovascular disease.
The prevalence of a smoking habit in the J-ECOH Study was 18% overall, 30.1% in men, and 8.0% in women 21 ; the rates in men and women were both higher than national results obtained from people aged more than 30 years. 9 Moreover, the prevalence of smoking in the current study was higher than that in the J-ECOH Study, especially among transportation workers. Because smoking coupled with obesity contributes substantially to all-cause mortality, 29 smoking cessation programs targeted toward the transportation industry could be an important population-based approach for the prevention of cardiovascular diseases. The Monthly Labor Survey reported that the average working hours were 149.0 h/month across all business types, whereas transportation workers worked 170.9 h/month. This is the second longest working hour duration among the different business types after those of construction workers, who work 174.5 h/month. 30 Previ- a High low-density lipoprotein cholesterol ≥ 160 mg/dL. b Metabolic syndrome was diagnosed based on the presence of three of the five risk criteria from the joint statement by the International Diabetes Federation; American Heart Association; National Heart, Lung, and Blood Institute; World Heart Federation, International Atherosclerosis Society; and International Association for the Study of Obesity. 10 ous studies have shown that long working hours are associated with poor diet quality, 31 smoking, 32 and physical inactivity. 33 Because transportation workers likely work prolonged hours, it may be difficult for them to maintain healthy lifestyle habits. Among transportation workers, irregular lifestyles can also sometimes cause sleep disorders. 34, 35 Previous studies have shown relationships between sleep apnea syndrome and BMI, 36 and between sleepiness (Epworth Sleepiness Scale) and BMI and the major components of MetS (waist circumference, hypertension, and hypertriglyceridemia). 37 Associations of various health-related factors with the business type of transportation have also been reported. 38, 39 One study showed that transportation workers had significantly higher rates of obesity and more frequent smoking habits than the average U.S. worker. 39 As shown in Table 6 , all lifestyle habits except smoking in men and skipping breakfast in women were significantly related to MetS, and a similar association was observed among business types. These findings show that, while lifestyle habits mediate some part of the relationships between business type and MetS, business type is independently related to MetS. Moreover, we conducted a multilevel logistic regression analysis by adding all lifestyle habits that were significantly related to business type: we added "smoking," "engage in <1 h/day of walking," "walk at a slower speed," "meal before bedtime," and "skip breakfast" for men, and "smoking" and "gained ≥10 kg" for women. For men, the lifestyle habits "engage in <1 h/day of walking," "walk at a slower speed," and "meal before bedtime" were significantly related to MetS, and a similar association was observed in business type employees in the results of GLMM shown in Table 5 . Lifestyle habits were significantly related to MetS in women, but no relationship was observed based on business type. This indicates that business type is more associated with MetS independently in men than in women. Because this study is cross-sectional in nature, additional longitudinal studies are needed to assess the likely causal relationships.
In the current study, we defined MetS based on international criteria. As shown in Table 4 , the proportion of those with hypertension, hyperglycemia, and hypertriglyceridemia in almost all business types was greater in men, whereas the proportion of those with a large waist circumference was greater in women. However, the proportion of women with hypertension, and hyperglycemia, although less than that for men, was still very high. To prevent MetS, it might be effective to consider the improvement of the access to drug treatment with support of improving lifestyle habits. There are several limitations of our study. First, although the business type was clear, the participants' roles in the businesses were unclear. For example, in the transportation industry, there are not only drivers, but also office clerks and sales representatives. Different job types may have differences in sedentary time, the manner of eating, and sleeping time. Because the current findings reveal poor health habits and a high prevalence of MetS among transportation workers, further studies should investigate these findings by job type among workers in the transportation industry. Second, the findings of this study may be confounded by unobserved environmental-level factors, such as family and neighborhood factors, regional factors, and socioeconomic status. Third, there is a possibility of selection bias, because only workers who attended the checkups (43.1%) were included. Therefore, it is possible that more health-conscious workers tended to participate in the study, suggesting that the real prevalence of MetS might be higher than that recorded here because of non-participation bias. Fourth, lifestyle habits were evaluated via a self-administered questionnaire. Consequently, these subjective results might be different from the participants' actual lifestyle habits. Despite these limitations, the results of this study are still important: this large-sample study focusing on SMEs suggests that an environmental approach might be useful to prevent MetS in transportation workers. Furthermore, the multilevel analysis showed the effects of business type as an environmental influence in consideration of individual lifestyle habits.
In conclusion, the prevalence of MetS and related unhealthy lifestyle habits were higher in transportation workers than in workers from other business types. The current findings illustrate that the prevalence of MetS and associated lifestyle risk factors vary according to business type and sex. These findings should be considered when developing an environmental approach to improve public health.
